The LEP RF system i s o f modular c o n s t r u c t i o n where a b a s i c module, an RF u n i t , c o n s i s t s o f 16 coupled acc e l e r a t i n g c a v i t y / s t o r a g e c a v i t y assemblies d r i v e n by two I M W k l y s t r o n s .
For Phase 1 o f LEP, 8 u n i t s have been i n s t a l l e d i n RF s t a t i o n s on each s i d e o f i n t e r s e c t i o n P o i n t s 2 and 6.
The u n i t s are synchronized w i t h t h e frequencies f o z 352.254024 MHz and f g = 44.982 kHz.
They are t r a n s m i t t e d t o t h e RF s t a t i o n s from the LEP c o n t r o l center over f i b r e o p t i c l i n k s ' .
From t h e reference frequencies t h e k l y s t r o n frequencies fl I f o -f g and f 2 = f o + f g are generated and a p p l i e
d t o the k l y s tr o n s through two i d e n t i c a l chains o f c o n t r o l e l e c t r on i c s ( F i g . 1 ) . The k l y s t r o n phase l o o p compensates f o r phase v a r i a t i o n s i n the k l y s t r o n and t h e c i r c u l a t o r . The i n p u t power t o t h e k l y s t r o n s i s c o n t r o l l e d from t h e d r i v e l e v e l c o n t r o l system which i n c l u d e s an AGC loop. This l o o p compensates f o r g a i n v a r i a t i o n s i n t h e narrow-band, h i g h gain, ZOO W s o l i d s t a t e d r i v e r ampli-
f i e r . 
The c a v i t y gap v o l t a g e i s c o n t r o l l e d with a voltage loop which a c t s on the modulation anode o f the k l y s t r o n . The c o r r e c t waveform i s o b t a i n e d with a d i ff e r e n t i a l l o o p which c o r r e c t s f o r d i

The frequency generators
The two RF frequencies fl and f p are generated from t h e reference frequencies f, and fB i n phase locked l o o p s w i t h o f f s e t ( F i g . 2 ) .
The incoming h i g h frequency reference f o and the o s c i l l a t o r output f r equency are a p p l i e d t o a double balanced mixer.
The res u l t i n g I F s i g n a l i s compared t o t h e incoming low f r equency reference f g i n a phase d e t e c t o r .
The l o o p i s c l o s e d by applying t h e r e s u l t i n g error s i g n a l t o t h e v o l t a g e c o n t r o l l e d c r y s t a l o s c i l l a t o r (VCXO) a f t e r m p l i f i c a t i o n and f i l t e r i n g .
With t h i s scheme t h e l o o p c o u l d l o c k on e i t h e r t h e sum o r t h e d i f f e r e n c e o f t h e two r e f e r e n c e frequenc i e s . T h i s ambiguity i s e l i m i n a t e d by using VCXO's w i t h a frequency range l e s s than 2 f g .
The u n i t y g a i n bandwidth o f t h e l o o p i s s e t t o about 1 kHz.
A t t h i s o f f s e t from c a r r i e r t h e phase n o i s e o f t h e VCXO i s more than 100 dB below c a r r i e r . The spacing between t h e subharmonics o f t h e overtone operated c r y s t a l o s c i l l a t o r i s about 20 MHz.
The bandpass f i l t e r keeps these unwanted s i g n a l s below -60 dBc.
These frequency generators are n o t i n c l u d e d i n a phase loop. Therefore the phase s t a b i l i t y i s importa n t . D r i f t i n the mixer i s minimized by o p e r a t i n g i t w i t h f i x e d i n p u t v o l t a g e s o f + I dBm. Temperature t e s t s on t h e mixer used ( M i n i C i r c u i t Lab. ZLW-1W) have shown t h a t t h e output d r i f t depends moderately on t h e i n p u t l e v e l s and i s minimum f o r +I dBm a t b o t h t h e RF and LO i n p u t s .
The RF i n p u t l e v e l i s t h e r e f o r e s t a b i l i z e d w i t h a v o l t a g e c o n t r o l l o o p (AVC), where t h e e l e c t r o n i c a t t e n u a t o r i s designed f o r minimum phase v a r i a t i o n over t h e a t t e n u a t i o n range. As shown i n F i g . 
t t e n u a t i o n range o f 30 dB i s t y p i c a l l y 2 degrees a t 350 MHz ( F i g . 4).
With separate shunt and s e r i e s cont r o l voltage t h e v o l t a g e standing wave r a t i o i s kept below 1.2 a t b o t h t h e RF i n p u t and o u t p u t .
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Phase s h i f t v a r i a t i o n versus a t t e n u a t i o n f o r a P I N diode a t t e n u a t o r Phase c o n t r o l When t h e k l y s t r o n cathode v o l t a g e i s v a r i e d between i t s minimum
and maximum values f o r normal oper a t i o n , 66 and 88 kV, t h e RF phase o f t h e o u t p u t changes by 2 6 6 .
The phase change from minimum t o maximum output power i s about 7 6 . These and a d d i t i o n a l v a r i a t i o n s i n c i r c u l a t o r , d r i v e r a m p l i f i e r and other components are compensated w i t h a phase feedback loop ( F i g . 5).
A sample o f t h e waveguide s i g n a l i s phase compared w i t h t h e generator s i g n a l i n a double balanced mixer.
The i n p u t l e v e l s t o t h e m i x e r are kept constant a t +I dBm by u s i n g t h e technique described above.
Through t h e l o o p m p l i f i e r t h e error s i g n a l i s a p p l i e d t o t h e 1 8 6 e l e c t r o n i c phase s h i f t e r .
A f t e r a d d i t i o n a l f i l t e r i n g w i t h a time constant o f 70 ms t h e s i g n a l c o n t r o l s t h e 1 2 6 6 phase s h i f t e r .
The small and f a s t phase v a r i a t i o n s caused mainly by t h e power supply r i p p l e are then compensated by t h e s h o r t range phase s h i f t e r and slow v a r i a t i o n s from h i g h voltage changes and o u t p u t power adjustments mainly by t h e l a r g e range phase s h i f t e r . 
i o n under a l l o p e r a t i n g c o n d i t i o n s , has been achieved. The l a r g e s t e r r o r i s i n t r o d u c e d by t h e e l e c t r o n i c a t t e n u a t o r when t h e k l y s t r o n o u t p u t power i s v a r i e d from 10 k W t o 1000 kW. I d e a l l y t h e r e t u r n s i g n a l f o r t h e loop should be sampled a t t h e c a v i t i e s so t h a t a l l phase v a r i a t i o n s i n t h e power d i s t r i b u t i o n system are compensated. I n LEP t h i s i s n o t p o s s i b l e because t h e c a v i t i e s are d r i v e n by two frequencies t o o c l o s e t o each o t h e r t o be separated when a l o o p bandwidth o f about 25 kHz i s desired. This means t h a t phase changes i n 35 m o f waveguides are n o t c o r r e c t e d w i t h t h e phase loop. When f u l l power i s a p p l i e d t o t h e c a v i t i e s t h e waveguides are heated by t h e losses and phase changes o f up t o 15O RF have been measured. These v a r i a t i o n s are compensated by a p p l y i n g a c o r r e c t i o n , based on two temperature measurements, t o t h e phase s h i f t e r used t o s e t t h e RF r e f e r e n c e phase.
Voltage c o n t r o l The gap v o l t a g e i n t h e LEP c a v i t i e s i s c o n t r o l l e d w i t h a feedback system which a c t s on t h e modulation anode o f t h e k l y s t r o n s .
U s u a l l y t h e output power from k l y s t r o n s i s v a r i e d by changing t h e RF i n p u t power. For t h e LEP k l y s t r o n s t h i s i s not p o s s i b l e because a t f u l l cathode c u r r e n t and low RF output power t h e maximum a l l o w a b l e c o l l e c t o r d i s s i p a t i o n would then be exceeded a t h i g h cathode voltages.
I n a d d i t i o n , by oper a t i n g t h e k l y s t r o n s w i t h s a t u r a t e d d r i v e l e v e l and c o n t r o l l i n g t h e output power with t h e modulation anode t h e RF o u t p u t t o D.C. i n p u t power conversion r a t i o i s maximized.
A b l o c k diagram o f t h e voltage c o n t r o l l o o p i s shown i n F i g . 6.
The peak v o l t a g e from c e l l No. 2 o f each c a v i t y i s detected.
The sun from a l l 16 c a v i t i e s i s compared t o t h e r e f e r e n c e voltage.
The error s i g n a l i s converted t o a p u l s e t r a i n o f 0.5 ps pulses. For a v o l t a g e v a r i a t i o n from 2 t o 10 V t h e o u t p u t frequency v a r i e s from 100 t o 500 kHz.
Via an i s o l a t i n g o p t i c a l f i b r e l i n k t h e s i g n a l i s t r a n s f e r r e d t o t h e k l y s t r o n cathode v o l t a g e l e v e l o f t h e modulator tube c i r c u i t 4 , demodulated, m p l i f i e d and a p p l i e d t o t h e modulation anode o f t h e k l y s t r o n .
Each o f t h e two k l y s t r o n s i n one R f u n i t has i t s own l o o p b u t common summing c i r c u i t .
Therefore a d i f f e r e n t i a l l o o p has been added:
The d i f f e r e n c e between t h e o u t p u t v o l t a g e o f t h e two k l y s t r o n s i s detected.
This e r r o r s i g n a l i s , a f t e r a m p l i f i c a t i o n ,
I n t h i s way t h e VSWR i s kept below 1.02 f o r a l l RF l e v e l s below 10 V and errors i n t h e detected v o l t a g e s caused by s f a n d i n g waves i n t h e t r a n s m i s s i o n l i n e between t h e badly matched sampling l o o p i n t h e c a v i t y c e l l and t h e d e t e c t o r prevented.
The temperature c o e f f i c i e n t o f t h e d e t e c t o r diodes i s compensated by s i m i l a r diodes i n t h e feedback path o f t h e i n p u t a n p l i f i e r s . Temperature t e s t s have shown an o f f s e t v a r i a t i o n o f l e s s t h a t 0.2 m V P C .
The l i n e a r i t y o f t h e output i s b e t t e r than f 1% f o r voltage l e v e l s between 0.3 Vp and 10 Vp ( F i g . 8 ) .
The RF peak d e t e c t o r i s followed by a second det e c t o r which measures t h e peak amplitude o f t h e envelope. I n t h e summing a n p l i f i e r t h e g a i n o f each channel i s i n d i v i d u a l l y adjusted t o compensate f o r t h e d i fference i n a t t e n u a t i o n i n t h e d i f f e r e n t l e n g t h c o a x i a l cables between c a v i t i e s and d e t e c t o r s .
nH
I n f r o n t o f t h e d e t e c t o r s 400 MHz s t r i p -l i n e low-pass f i l t e r s w i t h low VSWR are i n s e r t e d t o prevent passage o f bean induced h i g h frequency s i g n a l s .
The bandwidth o f t h e v o l t a g e l o o p i s l i m i t e d by t h e maximun r a t e with which t h e c u r r e n t i n t h e k l y s t r o n cathode power supply can be changed.
A u n i t y g a i n bandwidth o f about 20 Hz has been obtained.
This means t h a t t h e l o o p i s not able t o compensate f o r t h e RF v o l t a g e r i p p l e caused by t h e h i g h v o l t a g e power supply. The 50 Hz and 600 Hz RF v o l t a g e r i p p l e has been measured as a f u n c t i o n o f RF voltage.
I n t h e worst case ( l o w RF o u t p u t power) t h e 50 Hz r i p p l e was 2.3 X peak and t h e 600 Hz r i p p l e 0.9 X peak; Even i f t h e synchrotron frequency c o i n c i d e s w i t h t h e 600 Hz r i p p l e frequency t h i s l e v e l would n o t a f f e c t t h e bean s i g n i f i c a n t l y ' .
Conclusion
A l l t h e e l e c t r o n i c s f o r t h e systems i s housed i n racks i n t h e " k l y s t r o n g a l l e r y " a 250 m l o n g t u n n e l which runs p a r a l l e l t o t h e main t u n n e l a t a d i s t a n c e o f 8 m.
The components are t h e r e f o r e n o t exposed t o sync h r o t r o n r a d i a t i o n and because t h e equipment i s access i b l e d u r i n g LEP o p e r a t i o n , t e s t i n g and maintenance i s F. Ciapala, P. C o l l i e r , "A Dedicated M u l t iProcess C o n t r o l l e r f o r a LEP RF Unit", paper C7 presented a t t h i s conference.
